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(71) We, HITACHI LIMITED of 1-5-1 
Marunouchi, Chiyoda4M, Tokyo 3 Japan, a 
body corporate organized accoaliug to the 
laws of Japar^ do hereby declare die inven- 
tion, for which, we pray that a parent may 
be granted to us, and the method by which 
it is to be performed, to be particularly des- 
cribed in and by the following statement: — 

The present rorention relates to a semicon- 
ductor diode having at least one p-n junction 
therein and a method for making the diode* 
More particularly the invention relates to a 
semiconductor diode, an electrical characteris- 
tic of which, is controlled by varying an elec- 
trical characteristic of the p-n junction* 

As is well known, p-n junctions are utilized 
in a lot of semiconductor devices, such as 
diodes and transistors, in order to achieve 
their desired electrical characteristics. 

More recently, dectdcal characteristics of 
the p-n jimrtwi, such as the capacitance 
characteristic and the break-down characteris- 
tic have been utilized m semiconductor diodes 
of the variable capacitance and zener diode 
types. 

It is well known that these semiconductor 
diode?, that is, the variable capacitance diode 
and the zener diode, in other words those 
semiconductor diodes which utilize the capa- 
citance characteristic atiri the break-down 
characteristic of a p-n junction, are much in- 
fluenced by an impurity concentration in the 
semiconductor body. 

A conventional aenncenductor diode utiliz- 
ing the capacitance characteristic or the 
break-down characteristic of a p-n junction 
comprises a serni conductor body; a first semi- 
impurity concentration is higher than that of 
the body, and whose conductivity type is the 
same as that of the body; a second semi- 
conductor region disposed in the semicon- 
ductor body and over the first semiconductor 
region, whose impurity co n c en tr ati on is higher 
than that of the first senticondnctnr region, 
and whose conductivity type is opposite to 
that of the first semiconductor region, thereby 



forming a p-n junction at least between the 
first semiconductor region and the second 
semiconductor region; and electrodes formed • 
on the second region and on the semiconductor 50 
body. 

In this known semiconductor diode, the first 
semiconductor region is a region having an 
impurity concentration distribution which pre- 
scribes a variation of capacitance in the van- 55 
able capacitance diode, and a reverse break- 
down voltage in the zener diode* Therefore, 
the semiconductor diode should have a strictly 
controlled linpurit^ ^^rt^ ^utn itff* n distribution 
for obtaining a wide variable range of capa- 60 
cirance and a high break-down voltage. 

According to the present invention there is 
provided a semiconductor dode utilizing a 
capflciraricE characteristic and a break-down 
characteristic of a p-n junction ra chiding: a 65 
semiconductor body having a mesa shaped 
portion; a semiconductor layer disposed in the 
semiconductor body at the surface of the mesa 
shaped portion, whose conductivity type is 
opposite to that of the semiconductor body, 70 
thereby forming a p-n junction between the 
semicoDdiicmr layer and the semiconductor 
body; at least one semiconductor region dis- 
posed in. the semiconductor body iTTwnpd igfejy 
below the semiconductor layer, having a con- 75 
ductiviry type the same as the semiconductor 
body, thereby forming a p-n Junction between 
the senticonductox region and the semicon- 
ductor layer being encircled by the p-n junc- 
tion between the semiconductor layer and the 80 
semiconductor body; and electrodes formed 
on the semiconductor layer the semicon- 
ductor body, respectively. 

The present invention will now be described 
in greater detail by way oE example with refer- 85 
cnoe to the ac compan ying drawings, where- 
in:— 

Figure 1 is a sectional view of a conven- 
tional planar type variable capacitance diode; 

Figure 2 is a sectional view of a conven- 90 
tional mesa type variable capacitance diode; 

Figure 3 is a sectional view of one preferred 
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diSrtaJit f^s-ir ^ e ^ of 1116 seo3icWK,u ^ r 

5 of orodudng the «Kode shown in Ito^T lmSrf Sf. ^ ? Una S k,n is f<mned « ^ thin 

Figure 54 to 5/ ate sectional S of a Xn™^ ^ ,CQndu . ctDr bod * *e w>fe» 70 

^"Pjito diode fcr ^ELfJ iTS^ ^ ^ ,U ? ction very 

other method of manufacturing Hn^alenu- Si " *• decide* field is conoen- 

conductor diode; and S «n a seim trated in the curved portion of the p. n junc- 

Rgurc 6 is a graph showing capacitance &? > J^L? l ' x *?. ^^own voltage of 
plotted to a base of applied voltarei for*! i semiconductor diode becomes lower 7<3 

semfcondocnr diode ffiopfii is » ^1 mis S£ that 5 

Referring now to Hgure 1 wrndTshows a §AJnT a, f rf * c b *«*-4own voltage of 

sectional view of a Imventional s^W £;i™^ 0W j unction ' * mesa shaped 

doctor diode, utilizing the capacftS,^^ K?T 0 £ dlode 1138 bccn Proposed? 

a p-n junction, formed by a diffusiou f^iS^^^ which comprises 

Tins semiconductor diode comprises a L rS ™ l- ^ ^ 10 **** a mesa 
sem^onductor body 1, a first serofcH^ diSn ^"JS *™T* nctor ^ II 
region 2 formed selectively by diffusion in S™E^fS v meSa ^aped portion of the 
Ae semJcondoctor body iTwhSe SSmE iftikft* ""H^" A- TaS 85 
type is the same as that of the sernicanduaoV wn^ sermconducmr body 10 and 

I 7 Jl * s J* xa,i semicondooor region J ""P 0 **. concentration is higher than 

formed by diffusion in the semfconduKodv sZC,?* 5 body lOTseoond 

1 and over the first semiconductor 3u£ S^ 1 "^ Ia y« 12 disposed fo theserd- 
whose conductivity type is opJoV ro °^3 body 10 and o£Trhe JtaiS <*> 

of die semiconductor body l'and the ftW l™.' h 3» "j whose conductivity tvne 
senncondt.ctor region 2, thLby fetnfe Jj iS^Zd£L^ •** ^conauSr 
wncnon between the first kmfcon&5or WrtJ^.^^"^? 111 ^ concentration is 
region 1 and the second semicondncuTiS £11^^ ? f ** semiconductor 
2, and between the sernfconducmrX ffl fcf ' ?^f by a JunctionB 05 

^^s^o^aor region 3,^d£ Ws^i^? ™* ^ sernicoXtor 95 
twoen electrodes 4 and 5 which are located 3^ 1 ^ I2 > a 150 between electrodes 15 
respectively on the second s^Kc ^if ^ located Actively on the 
35 region 3 and on the semiconductor bodv 1 ^conductor layer h and on &e 

An insulating kyer 6 is providcd^thV^!: duct ? r 10 - inn 

conductor bodv 1 for i^ulatinF fte dS .ul 3 P" n J nncti «> 13 extends to the side of 
4 from the semicondu^rTody 1*^ t ^J*** ^ ^ « 2 
40 ^ ^ c 2 QTCDtional sennconduc^r diode, SLSS^ffl™ if *\ ^ Tb^foS a 
W 2« «b e apd second semiconductor su< * *» a alicon dioride 

peions are formed by a diffusion method* ^ ^ f cbsposed on the side surface mi 
is very difficult to contxollS^eint ff- ^ semiconductor body Wat 

To avoid such disadvantages, it is nro- » J^! * ^ semiconductor layer U & 

posed that the fir5 t ^nicond^or 4r 2 p^t^ ?\«cond I semtconduSo? lay^ 
50 in Figure l is formed by an ion ImiSSon r ^ ^ conductivity ttpe of me 

method which provides a controlES^ ^ Ce „ j?0I 5? n 17 ^ ^ liw seitaonducSr 115 

concentration distribution in the S™1 SL," ^' acent ? ^ side of SfrnS 

doctor body 1. semioon- shaped portion is changed to n* cnnH.^S^ 

« c.™^*' *™ semiconductor rerion is T~ I^ 0 " * e "MfuTZ 

55 te d i y J! fafi i 0D taplSS^eSg'thl &f M 2^ i^ 11 ar S«po" 

depth of the first semJc^ductoTSn k I? ■ \ tha break-down voltage of the T5n 

boaned to about 0.25. s since d£ S ^ ^^ aor diode becomes loT%° wa ^ 120 

fc^S M7 regions Kally fa'mmgfST ^ ^condoctoTtSaS 

100 KeV— 200 KeV. Th^ore. d«Sh7.p " utilized as the semiconductor bodv 1 thZr 

60 r ^ction is limited ml^ £ X S ^. th = fir « semiconductor l^lli}^ 

die first Sfinicondnctor region, ft™ fc S?.^ semiconductor layer if 2^ ,« 

than 025*. Though the de^i Tth^ rS ^ 125 

semiconductor region depends on 1^„ C ^ of me first semicomiuctor laverT? 

_ energy, usually thVion aerS is ftX^T ^ ^conductor body 10 tffi 

65 lOOKoV^KeV^dSed'^nS Spe^olt^^^-V 

^ Tb^forc, between the surface portion, 130 
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and the fiist semiconductor laver 11 and the- it ' 

semiconductor body 10, » m bn^nn I ^2? ^"P aB to be circled by a p-n 

formed This means* trite* Zffi STSfif s^ducfar ]£, 

Don 13 extends along the siS pffifrf fn K^JT^?^ 1 bod y 20 33 

5 the first semicondoctor layer uW^aStf ™ J 1 ^ ^ Afta the i OT itapJantadon, the 

conductor body la iS^l a £ SScitE ^ 20 5 W to ^ 70 

cut to obtain tile desired diaraeterisri/oFX. ? ^ ">nned on the semicondoctor layer 

semiconductor diodeT^ of 21 ^ the semiconductor body 20/*- 

10 These above mentioned disadvantages are hJSfT* ^ , 

overcome by the semiconductor d^%LSn a ir j^?^ voltage of the semicgn- 75 

in Figure S^The semicScS <h"4 inctX &^ "J*? H & ™« ^ 

a semiconductor body 20 havmT ainesa ?h!™ ™n TOltag© is higher than those of 

„ shaped portion, a sentonductoTL^ ai^fe 8 . S^* 31 semiconductor dodes. 

15 posed at the surface portion cfta ,± rfii?l£ bOTe dea = rib * emboduneot, al- 

shaped portion of the semSucL tady IS ^td^ ^^"^^^ 22 fe 80 
whose conductivity type is opposite to that S^d^ C0 ? ductDr b ? dy 20 > two 

of the semiconductor Tody 20,™d 8 ^ S s «^ductor regions can be 

conductor region 22 dispoid in the senW fl^i,dn^r^ I ^ U ? 0r ^ to obtato 

20 ductor body 20 immediately below tf^emT "J™ 011 ™ diode having a desired volt- 
<*nductor tayer STEStaSta h^e&t^ ^ ^ *e p-n 85 

die region being opposite to thSTthSenS '"gL^ ¥ * e « 

conductor layer 21 and the imnuritv comt «J££?? ? , 5 / illustrate a preferred 

ration of which is higher thanTr^theS fa^^L*™*^ / senucondW diode 

fiwmed between the senricondnctor laver 21 aT • *Jf m ?? Iuinctor bod 7- 90 

and Ae jsenticonductor SSSsLSffi fa^nSW b<mm ? di * used ^ a ™- 

c^ed by a p-n junction 24 vrfuchTfoimed b^f^^T 1 ^ 001 bod y 30 
between the semioinductor laver 21 anSrt* a asistivity of 1 ohnwm, at a tempera- 

30 seroicoudnctor bodTSHLS 25^ 26 f^l^ ^^J^mmutea^S 

are tocated <nx the sermconSr 21 kTll te^^J" 1 ^ 95 
and the semiconductor body ^Sdr ^ ? 3 <* ^ <U5/i 

* ,*4~ Vft-'t aarsstttefArss ... 

Into the surface ration of an «m« iSfi" . f 0- A Passivation film 32 is fanned 
semiconductor body 2oTv£g £ * iES?* 11 " 

I ohm<m, that is, an impuSr wDeenSm « wTSiW *Mh4 and 

40 of about 5 X 10** atoms W 8 - .*™Heh hole 33 is formed in the 

bo«m is diffu^ bTSSthe booTzo £ 3™°*^ 32 at the destadtotttiV£ 105 

about 300°C for t^SWhS rtdS^^T 5& N ^ .Pl"-^^^ 

a sotnamductor layer 21 whose , dSHf ^ I 08167 fe 50 KeV 

about 4.15/* as shown in Figure feThfe A^a^? S 1 * 0 _?l , semicondlian f body 

45 body 20 is mesa etched far Sunf bj^ u^fi^^* ^ 33 .^by fotS 

somtion of HF and HNa ^JSlifES?^?* 35 in the 110 

vomme ratio is 1:40 to n^ucette IE ^ COn ^ uc tor body 30 immediate^ below die 

shown in Figure 46^ A pSbJ TfilnfT inSTlf^ ^l.som^ap^ JnactC 

conmiting of an SO. fiKTSS JS™ jemicoiidnctDr layer 31 and 
50 is about 3000A and a phosoKit^ri^ ^ se f mco ? d ««or xegioi, 35 is encircled 

layer on the SiQ, fitorwnSTSe^ d^bJ,"^^ 113 ^ ^ us 

about 4000 A, is formed m fteaSS £ Sff'r ^ • 31 J ad * e semiconductor body 
the semiconductor b^y2oT g ? s f 0 ™™ ^ 5dL Nea, a SiO. h^ 

vapour deposition method. A nWahhafeM !iL T 5 es P <)5ed of tiw 

£ formed in the desired ceSSS 0 f fitol?^ ^ ^"J. 011 ** 

Ae ration film 27 by an ercC^cb- fo^^ToinW^ 39 * ™ 

najue as shown in Figure 4e. Next, I Z A^L^i difieiEnt area from mat at which 

photons ion radation 29wh™. e^-f ^ ^ *f cru e a hole 33 was fanned, as 

KeV is directed onto the 'aScondnX^ = * *™> Next, phosph< >n>us ion 

20 in the region of the through hole 2& k^Jr^X^^E U 2 bonr 300 

Jiereby a ^conductor region 22 is fSnS *<rS£ T^l^^l ^ * 125 

m the senuconductor body 20 immediatehr fonnfaff JSJr.S?*'? ^ 39 > thereb y 

below the semiconductor hwer 21. Md Tk« ; ^f?- 8 B ! cond semiconductor region 41 fa 

P -niunction23isfo^leSXSii! Se ^lc^& ?i ^ 
65 conductor- layer 21 and me semffinZ ^^ctor^olS^^^ „ 
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junction 42 between the semiconductor layer 
31 and the second semiconductor region 41 
is encircled by a p-n Junction 37 between 
the semiconductor layer 31 and the semi- 

5 conductor body 30 as shown in Figure 5e. 
After the ion implantationj the semiconductor 
body i$ heated to a temperature of about 
900 a C for 10 minutes, and then a pan of the 
SiO> layer 38 which corresponds to the first 

10 semiconduaor region 35 is etched, thereby 
forming a through hole. After that, electrodes 
43 and 44 are formed on the exposed sur- 
face of the semiconductor layer 31 and the 

^ semiconductor body 30 as shown in Figure 

Figure 6 shows the relationship between 
capacitances of the first semiconductor region 
35 and the voltages applied to the electfo'Ses, 
between capacitances of the second semicon- 

20 ductor region 41 and the voltages applied to 
the electrodes, and between capacitances of 
the first and second semiconduaor regions 
and the voltage applied to the electrodes. 
In Figure 6, the ordinate denotes capacit- 

25 unre in picofarads, the abscissa denotes 
applied voltages,, and curves a, b and c show 
the relationship between capacitance and volt* 
age at the first semiconductor region, at the 
second semiconductor region, and at the first 

30 and second semiconductor regions combined^ 



can be seen from corves a? b and c 
shown in figure 6, the voltage dependency on 
capacitance at the first and second semicon- 
35 ductor regions combined, that is the semi- 
conductor diode shown in Figure 5 i$ more 
linear man those at the first semiconductor 
region alone, and also at the second semi- 
conductor region alone. Accordingly, a semi- 
40 conductor diode utilizing the capacitance 
characteristics and the break-down characteris- 
tic of a p-n junction having high break-dowu 
voltages is obtained. Moreover, since mesa 
a* r 1 ?^ semiconductor devices can be tested 
before the formation of the semiconductor 
region or regions, the yield rate of the semi- 
conductor dode becomes high. 

It will be appreciated that as in die case 
°* *e prior art cons miction referred to with 
50 reference to Kg. 2, the semiconduaor body 
in one form can be of 7r--type, the semicon- 
ductor region can he of tuype, whilst the 
senuconductor layer can be of f^-type. 

WHAT WE CLAIM IS: — 

55 1, A semiconductor diode utilizing a capa- 
citance characteristic and a break-down 
characteristic of a p-n junction including: a 
semiconductor body having a mesa shaped 
portion; a senricanductox layer disposed in the 

oO seniicondnctor body at the surface of the mesa 
shaped portion, whose condnctivitv type is 
opposite to that of the semiconductor body, 
thereby forming a p-n junction between the 
semiconductor layer and the semiconductor 



body; at least one semiconduaor region dis- 65 
posed in the semiconductor body immediately 
below the semicondnctor layer, having the 
same conductivity type as the semiconductor 
body, thereby fonning a p-n junction between 
the semiconductor region and the semicon- 70 
ductor layer; said p-n junction between the 
semiconductor region and the semiconductor 
layer being encircled by die p-n junction be- 
tween the semiconductor layer and the semi- 
conductor body; and electrodes formed on the 75 
semiconductor layer and the semiconductor 
body, respectively. 

2. A semiconductor diode according to 
claim 1, wherein said semiconductor region 

is formed by an ion implantation. 80 

3. A semiconductor diode according to 
dain 1 or 2, wherein said semiconductor body 
is of *r-type, said senuconductor region is of 
n-type, and said semiconductor layer is of p*- 
type. 85 

4. A semiconductor diode according to any 
one of the preceding claims, further indudiog 
a passivation film disposed on the exposed 
surface of the semiconductor body. 

5. A semiconductor diode according to 90 
claim 4> wherein said passivation film consists 

of a SiOj film and a phospho-sflicate glass 
film. 

6. A seroicond uctor diode according to claim 

1, wherein a second semiconductor region is 95 
disposed in the semiconductor body im- 
mediately below another parr of the semicon- 
ductor layer, whose conductivity type is the 
same as that of the senuconductor body, 
thereby forming a second p-n junction be- 100 
tween the semiconductor layer and the second 
semiconductor regions said first and second 
p-n junctions between the semiconductor 
layer and the first and second semiconductor 
regions, respectively being encircled by the 105 
p-n junction between the semiconductor layer 
and the semiconductor body. 

7. A semiconductor diode according to claim 
6, wherein said first and second semicon- 
ductor regions are formed by an ion itnplauta- 110 
tion, 

8- A semiconductor diode according to 
claim 6 or 7, further including a passivation 
film disposed on the exposed surface of the 
semiconductor body. n$ 

9. A method of manufacturing a semicon- 
ductor diode utilizing a capacitance charac- 
teristic and a break-down characteristic of a 
p-n junction including the steps of; preparing 
a semiconductor body having a mesa shaped 120 
portion; changing inanities, which change 
the conductivity type of the semiconductor 
body, into the surface portion of the mesa 
shaped portion of the semiconductor body, 
thereby forming a semiconductor layer whose 125 
conductivity type is opposite to that of the 
semiconductor body, and fanning a p-n junc- 
tion between the semiconduaor body and 
the se m iconductor layer; implanting i ons 
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which show the same conductivity type as that 
of the semiconductor body into toe semi- 
conductor body immediately below the semi- 
conductor layer, so as to form an ion implan- 
tation region whose boundary to said semi con- 
ductor layer is encircled by the p-n junction 
formed between the semiconductor layer and 
said body; and forming electrodes on me 
semiconductor layer and on the semicon- 
ductor body, respectively. 

10. The method according to claim 9 
wherein the semiconductor body is etched to 
form the mesa (shape by an etching solution 
of hydrofluoric add and nitric arid. 

U. The m ethod according to claim 9 
or 10, wherein the step of implanting ions is 
earned out by directing phosphorus ion 
radiation into the semiconductor body. 

12. A semiconductor dode constructed and 
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arjanged to operate substantially as herein 
described with reference to and as illustrared 
m Figure 3, or Figure 4*, or Figure 5/ 
of the accompanying drawings. 

13. The method of manufacturing a semi- 
conductor diode substantially as herein des- 
cribed with reference to and as fflufltrated in 
Kgures 4a to 4e or Figures 5a to 5/ of the 
accompanying drawings. 

14, A variable capacitance diode or zener 
diode manufactured in accordance with the 
method claimed in any one of claims 9 to 11. 

MEWBURN ELLIS & CO, 
Chartered Patent Agents, 
70—72, Chancery Lane, 

London W,C2. 
Agents for the Applicants, 



:o, by the Courier press, Leamig 
ica, aa Southampton Bttildinmi, London, WC 
which copies may bo obtained. 
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